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Coptotermes curvignathus HolmgrenThe termiticidal activity of n-hexane andmethanol fractions ofAcorus calamus Linn rhizomes against Coptotermes
curvignathus Holmgren was investigated. Both fractions have demonstrated strong termiticidal activity. The
activity of n-hexane fraction was stronger than that of the methanol fraction. Based on GC-MS data, β-asarone
was found to be a major constituent of n-hexane fraction (70.1%) and isolation of β-asarone was carried out
on column chromatography to afford as a yellow oil in 59.1% yield. Furthermore, the antitermite properties of
β-asarone and α-asarone of the isomer were investigated. Our data suggested that the two asarone isomers
have insect control potential. These ﬁndings lead to the discovery of more environmentally friendly termiticides
against C. curvignathus.
© 2014 Korean Society of Applied Entomology, Taiwan Entomological Society and Malaysian Plant Protection
Society. Published by Elsevier B.V. All rights reserved.Introduction
Termites have been responsible for the major damage in wood and
wooden products of human house, building materials, forests, and
other commercial products (Meyer, 2005). The genus Coptotermes is
found in tropical and subtropical regions of the world and is the most
economically important genus of urban pest insects in Asia and
Australia. Two species of Asian subterranean termites, Coptotermes
gestroiWasmann and Coptotermes curvignathus Holmgren are thought
to be pests which cause a lot of economic damage in Indonesia and
Malaysia. C. curvignathus Holmgren has been identiﬁed as the major
pest insect to oil palm plantation on peat land (Bong et al., 2012).
It has also been reported to attack Acacia mangium, rubber (Hevea
brasiliensis) and other fruit trees such as coconut and mango (Mariau
et al., 1992; Kirton et al., 1999).
Various chemicalswere used to reduce the infestation of termite, but
environmental and health problems related to the use of synthetic
insecticides havemademore urgent the need for less toxic and environ-
mentally friendly insect control substances. It has become necessary to
search for alternative means for termite control so that use of these: +62 736 20919.
81 58 293 2794.
oketsu@gifu-u.ac.jp
gy, Taiwan Entomological Society anchemicals can be minimized (Logan et al., 1990). Plant-derived natural
products are promising replacements. On the other hand, as a result of
over-year application of the same insecticides, insects became resistant
to these chemicals; therefore, the assortment of accessible insecticides
should be continuously renewed.
Scientists in different parts of theworld areworking for the develop-
ment and establishment of plant based pesticide, usually called as
botanical pesticides, biopesticides or natural pesticides (Copping and
Menn, 2000). Biopesticides are natural plant products that belong to
secondary metabolites, which include alkaloids, ﬂavonoids, terpenoids,
phenolics, and minor secondary metabolites. Biopesticides possess
many desirable properties, such as insecticidal activity, repellency to
pests, deterrent to feeding, insect growth regulation, and toxicity to
agricultural pests (Verma et al., 2009).
In continuation of our study for natural pesticides in plants (Adfa
et al., 2010, 2013), we have focused part of our efforts on the discovery
of naturally occurring antitermite compounds from medicinal plants.
Acorus calamus (L.) commonly known as Sweet Flag, which belongs to
the Araceae (Adoraceae) family. A. calamus is a source of essential oil
which is responsible for the medicinal and insecticidal properties
against a wide variety of insects. The toxic effects of the essential oil of
Indian A. calamus rhizomes on the adults of several stored-product
insect pests were studied. El-Nahal et al. (1989) reported the toxic
effects of the oil vapors to the adults of Callosobruchus chinensis (L.),




























Fig. 1. Termiticidal activity of n-hexane fraction of A. calamus against C. curvignathus.
48 M. Adfa et al. / Journal of Asia-Paciﬁc Entomology 18 (2015) 47–50Streloke (1994) found that the essential oil of Indian A. calamus had
stronger toxic effect to adults and eggs of Callosobruchus phaseoli
(Gyllenhal) than Yugoslavian and Russian oils. This response was corre-
lated to the increase of exposure time rather than to the increase in dose.
Jiyavorranant et al. (2001) reported that the ethanol extract of
A. calamus rhizomes at a concentration of 0.4% had the greatest activity
against the larvae of Plutella xylostella and caused 63.3% mortality.
Recently, the essential oil of A. calamus rhizomes reported potential as
larvicidal against the early 4th larvae of Culex quinquefasciatus
(Senthilkumar and Venkatesalu, 2012). The most effective compound
in A. calamus oil has been identiﬁed as β-asarone. β- and α-Asarones
isolated from the essential oil of A. calamus rhizomes are potent growth
inhibitors and antifeedant of the variegated cutworm Peridroma saucia
Hubner (Koul et al., 1990). Tare (2000) introduced the rhizomes of
A. calamuswhich possess antitermite activity, however, the detail inves-
tigation has not yet been carried out regarding antitermite compounds
in A. calamus extract. Herein, we report the antitermite potential of
A. calamus rhizome extracts and its main active compound. In addition,
we examined the ability of its isomer of the compound to evaluate the
effect of chemical structure on the antitermite properties.
Materials and methods
General experimental procedures
1H and 13C-NMR spectra were recorded on a Varian Mercury Plus
300-4N spectrometer with tetramethylsilane (TMS) as an internal
standard. GC/MS data were measured with a SHIMADZU QP-2010
GCMS: a 30 m capillary column DB 1 Agilent (J and W, USA) with id
0.25 mm and 0.1 μm ﬁlm thickness was used; column temperature
from70 °C (5min) to 260 °C (17min) at 5 °C/min; injection temperature
of 310 °C: helium as the carrier gas. The percentage of components was
calculated by the GC peak area. The mass spectrometer was operated in
electron-ionization (EI) mode at 70 eV. The mass spectra were obtained
by ACQ mode scan of the mass range from 20 to 600. The injection
temperature and ionization source temperature were 305 and 250°C,
respectively. The compounds were identiﬁed based on the comparison
of their retention time (RT) andmass spectra ofWiley, NIST library data
of the GC-MS system. Thin-layer chromatography (TLC) was performed
on silica gel 60 F254 aluminum sheets (20 × 20 cm). Column chromatog-
raphy (CC) was performed on a neutral silica gel 60 Merck (0.063–
0.200 mm), and α-asarone was purchased from Sigma-Aldrich.
Plant material
The rhizomes of A. calamus were collected from Tanjung Agung,
Bengkulu city, Indonesia. Identiﬁcation of the plant material was
performed by Herbarium of Bengkulu University, where voucher
specimens are deposited (MA 003).
Extraction and isolation
Fresh rhizomes of A. calamus (2.7 kg) were macerated at room
temperature in n-hexane (4 × 5 L). The mixture was subsequently
ﬁltered and concentrated in vacuo to yield an n-hexane fraction
(17.4 g). The residue continued macerated with methanol (4 × 5 L),
ﬁltered, and concentrated in vacuo to yield a methanol fraction (86.6 g).
The antitermite activity of n-hexane and methanol fractions was inves-
tigated and their chemical compounds were identiﬁed by GC-MS. The
n-hexane fraction showed the higher activity than the methanol frac-
tion as assessed by the no-choice feeding test. Therefore, the n-hexane
fraction was selected for further investigations in the present study.
A portion of the n-hexane fraction (11 g) was subjected to silica
gel column chromatography (CC) with n-hexane-EtOAc as eluents,
stepwise (100:0 to 0:100) to obtain 5 sub-fractions (H1–H5), which
were combined according to TLC analysis. Sub-fraction H-1 (9.8 g)was subjected to CC on silica gel, eluted with n-hexane-EtOAc (90:10)
to obtain 4 sub-fractions (H1-1–H1-4). β-asarone (6.5 g) was obtained
in H1-2 as a yellow oil.
Termites
Workers and soldiers of C. curvignathus Holmgren were obtained
from the ﬁeld around Bengkulu University and identiﬁed at School of
biological science and technology, Institute Technology Bandung,
Indonesia. The colony was maintained at 28 °C ±2 and 80% ± 5 RH in
a glass container, until used. The termites were fed wet ﬁlter paper.
Termiticidal test
A no-choice test was employed for evaluating termiticidal activity
according to the previously described method with slice modiﬁcation
(Adfa et al., 2012). The concentration of n-hexane and methanol
fractions of A. calamus in the dried ﬁlter paper was prepared to 1%, 5%,
10%, 15%, 20%, and 25% (sample weight / ﬁlter paper weight × 100),
and β-asarone and α-asarone were prepared to 0.5%, 1%, 2.5%, 5%, and
10%. The samples were dissolved in 500 μL n-hexane or chloroform,
methanol, and the resulting solution was applied to ﬁlter papers
(70mmdia.,Whatman1001-070), and the paperswere dried overnight
in a vacuum desiccator. Subsequently, each dried paper was put on top
of sand (3 g) that was spread uniformly at the bottom of a PVC cylinder
with a plaster bottom (80 mm in diameter × 60 mm in height), and
twenty-two active termites (20 workers and 2 soldiers) from adults of
C. curvignathus were added to each cylinder. The cylinders were then
placed on a wet cotton sheet in a plastic tray and kept in a dark room
at room temperature (28 °C ± 2) and 80%± 5 RH for 48 h. The number
of dead termites was counted every 12 h. The sandwas kept moistened
with water by using a sprayer. Four replications were performed for
each sample. The termicidal activity was evaluated from the mortality
(%) average.
Statistical analysis
Duncan's multiple comparison test was used to evaluate differences
in percent mortality in termiticidal activity. Results with P b 0.05 were
considered signiﬁcant. Calculations were performed using statistical
software SPSS 16.0.
Results and discussion
Termiticidal activity of Acorus calamus rhizome fractions
We evaluated the termiticidal activity of n-hexane and methanol




























Fig. 2. Termiticidal activity of methanol fraction of A. calamus against C. curvignathus.
Table 2
1H-NMR and13C-NMR data of isolated compound.
proton Number δ (CD3OD) carbon Number δ (CD3OD)
H-6 6.84, s C-4 151.37
H-3 6.53, s C-2 148.4
H-1′ 6.48, dq, J = 1.8 Hz; 10.6 Hz C-1 142.2
H-2′ 5.77, dq, J = 6.8 Hz; 10.6 Hz C-1′ 125.71
O-CH3–C2 3.90, s C-2′ 124.68
O-CH3–C4 3.84, s C-5′ 117.86
O-CH3–C5 3.81, s C-6 113.92
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termiticidal activity than the methanol fraction against C. curvignathus.
The n-hexane soluble part contained less polar constituents such as
phenylpropanoids, sesquiterpenoids, and lipids, while the methanol
fraction of increasing polarity contained xanthone glycosides, ﬂavones,
lignans, and triterpenoid saponins (Balakumbahan et al., 2010). Forced
direct exposure of C. curvignathus workers and soldiers to 1%, 5%, 10%,
15%, 20%, and 25% concentrations of the n-hexane fraction of
A. calamus rhizomes via direct contact resulted in 32.9%, 39.8%, 47.7%,
54.6%, 76.1%, and 90.9% average mortality after 24 h and signiﬁcantly
higher than control. The termite'smortality increasedwhen the concen-
tration of the n-hexane fraction increased. Interestingly, the n-hexane
fraction exhibited different patterns of mortality change after 48 h; all
of the termites were dead at all concentrations tested. This response
was correlated to the increase of exposure time rather than the increase
of concentration. Su (1991) found similar results for the contact toxicity
of A. calamus oil to adults of Callosobruchus maculatus, S. oryzae, and
Lasioderma serricorne. In addition, exposure of the methanol fraction
to C. curvignathus showed the regularly pattern, the mortality increased
when the concentration and time of observation increased.
The n-hexane fraction exhibited the higher activity than the metha-
nol fraction as assessed by the no-choice feeding test; the n-hexane
fractionwas selected for further investigations. The analysis of chemical
components of the n-hexane fraction of A. calamus rhizomeswas carried
out using GC-MS. The composition of n-hexane fraction was character-
ized by 13 constituents, and the identiﬁed components are listed in
Table 1. The n-hexane fraction was characterized by a high content of
β-asarone (70.13%), followed by α-asarone (6.11%), γ-asarone (1.0%),
methyl linolelaidate (0.73%), isocalamendiol (0.50%), methyl palmitate
(0.39%), and methyl isoeugenol (0.26%). Our ﬁndings are in agreement
with those of Balakumbahan et al. (2010); Rani et al., 2003; Wang
et al., 1998. These results clearly show that β-asarone content of
A. calamus rhizomes in the tetraploid karyotype present in East Asia,
India, and Japan is up to 70% (Schmidt and Streloke, 1994). These results
indicated that the termiticidal activity of the n-hexane fraction may be
due to β-asarone. The n-hexane fraction was subjected to columnTable 1







Methyl isoeugenol C11H14O2 22.739 0.26
γ-Asarone C12H16O3 25.786 1.00
β-Asarone C12H16O3 27.162 70.13
α-Asarone C12H16O3 28.438 6.11
Isocalamendiol C15H26O2 30.443 0.50
Methyl palmitate C17H34O2 34.273 0.39
Methyl linolelaidate C19H30O2 37.546 0.73chromatography to afford yellow oil. Based on 1H-NMR and 13C-NMR
data (Table 2) and compared to published data, the isolatewas in agree-
ment with β-asarone (Park et al., 2011).Termiticidal activity of β-asarone and it's isomer α-asarone
The isolation of β-asarone (1) from the n-hexane fraction was
achieved by CC in a 59.1% yield. In order to investigate the antitermite
activity of β-asarone isomer, α-asarone (2) was purchased and tested
together by the no chooice test (Fig. 3). Isolated compound β-asarone
and the isomer comercial available α-asarone were evaluated for
termiticidal activity at concentrations of 0.5, 1, 2.5, 5, and 10% (Table 3).
β-Asarone reduced the survival of termites compared to the correspond-
ing control at all concentrations tested after exposure 12 until 36 h.
β-Asarone showed the signiﬁcant activity against C. curvignathus.
β-Asarone at concentrations of 0.5, 1, and 2.5% demonstrated 100%mor-
tality at 36 h, while the concentration increased to 5 and 10%, all termites
were dead at 24 h. In common with the above results of the n-hexane
fraction, β-asarone (cis isomer) response was correlated to the increased
of exposure time rather than the increase of concentration. On the other
hand, trans isomer compound (α-asarone) demonstrated 100%mortality
after 48 and 36 h at concentrations of 5% and 10%, while 100% mortality
was not obtained at any concentration out to 48 h, at lower concentra-
tions (0.5, 1, and 2.5%). The trans isomer (α-asarone) was less active
than cis isomer (β-asarone) at lower concentrations, however, there
are no signiﬁcant differences in termite mortality after 48 h exposure
when the concentration increased up to 5%. This result obtained agrees
well with those of El-Nahal et al. (1989) who demonstrated that the
period of exposure is the more relevant factor affecting the efﬁciency of
the treatments than the dosage. In conclusion, the A. calamus rhizomes
fractions have the potential to reduce the infestation of termites. The
main active compounds β-asarone andα -asarone in A. calamus rhizome
fractions revealed strong termiticidal activity against C. curvignathus,
while β-asarone was more actived at low concentrations. Hence, we
thought that the use of these plant-derived compounds as alternatives
for termite control is extremely effective. These structures appear to be
a good template for the development of environmentally friendly(1) (2)
Fig. 3. Structures of β-asarone (1) and α-asarone (2).
Table 3
Termiticidal activity of β-asarone and α-asarone.
Compound Mortality of termite (%) recorded over time (h)a
12 h 24 h 36 h 48 h
Control (n-Hexane) 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a
β-asarone 0.5% 0.0 ± 0.0 a 68.2 ± 3.7 e 100 ± 0.0 h –
β-asarone 1% 0.0 ± 0.0 a 76.1 ± 6.8 f 100 ± 0.0 h –
β-asarone 2.5% 0.0 ± 0.0 a 90.9 ± 13 g 100 ± 0.0 h –
β-asarone 5% 84.1 ± 2.6 g 100 ± 0.0 h – –
β-asarone 10% 85.2 ± 6.8 g 100 ± 0.0 h – –
Control (chlorofrom) 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a
α-asarone 0.5% 0.0 ± 0.0 a 6.8 ± 4.5 a 17.1 ± 2.3 b 20.4 ± 2.6 b
α-asarone 1% 0.0 ± 0.0 a 5.7 ± 2.3 a 17.1 ± 4.4 b 28.4 ± 4.4 c
α-asarone 2.5% 0.0 ± 0.0 a 19.3 ± 5.7 b 19.3 ± 5.7 b 37.5 ± 2.3 d
α-asarone 5% 2.3 ± 2.6 a 39.8 ± 2.3 d 88.6 ± 7.9 g 100 ± 0.0 h
α-asarone 10% 2.3 ± 2.6 a 39.8 ± 2.3 d 100 ± 0.0 h –
a Data are given as mean ± standard deviation (N = 4). Numbers followed by differ-
ent letters (a–h) are signiﬁcantly different at the level of P b 0.05 according to Duncan's
multiple comparison test.
50 M. Adfa et al. / Journal of Asia-Paciﬁc Entomology 18 (2015) 47–50termiticides. Our work will lead to further exploration of new biopesti-
cides and potential novel mechanisms of their properties.
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